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R896other forms of cell communication
remain — network interactions could
proceed by electrical coupling, or by
transmitter release due to graded
calcium-dependent potentials, or by
release of non-classical transmitters
like nitric oxide, to name just a few.
There is now great interest in defining
exactly which signaling pathways are
used to modulate and ultimately
synchronize a pacemaker network [16].
If ion fluxes at the membrane are not
part of a demonstrable ‘core clock
mechanism’, do they make any
contribution in affecting or decoding
a pacemaker’s intrinsic clock
mechanism? It is well established that
membrane currents change as
a function of time of day within
pacemaker neurons (e.g., [12]),
indicating an important contribution
to normal pacemaker cell outputs.
Furthermore, clock resetting in
Drosophila pacemakers is
accompanied by substantial changes
in membrane excitability: Holmes and
colleagues [17] have found that in
response to light, Drosophila
CRYPTOCHROME protein, in addition
to triggering the resetting of clock
phase via TIMELESS degradation
(reviewed by [18]), also activates
membrane conductances directly
and rapidly.
Likewise, membrane physiology
appears to decode clock output by
affecting cellular physiology in ways
that remain to be fully described:
Ceriani and colleagues show in the
present work that the absence of
membrane excitability eliminates dailychanges in the morphology of axonal
terminals of specific pacemakers in
Drosophila (cf. [19]). This indicates that,
unexpectedly, membrane excitability
is a necessary conduit through which
the circadian clock coordinates
numerous cell shape changes. Thus,
ion fluxes through the plasma
membrane do not appear to be state
variables of the Drosophila circadian
pacemaker. Nevertheless, there are
many observations, old and new, to
support the contention that they are
critical in modifying, augmenting and
translating the daily procession of the
circadian clock.References
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in Ancient Symbiotic FungiArbuscular mycorrhizal fungi are important symbionts that enhance plant
growth. They were thought to have been asexual for hundreds of millions of
years. A new study reveals that the fungi actually possess highly conserved
genetic machinery for completion of meiosis.Ian R. Sanders
Ever since plants colonized land they
have formed intimate associations with
arbuscular mycorrhizal fungi (AMF).
Fossil records show that AMF date
back to the Ordovician approximately
460 million years ago [1]. It is thoughtthat these fungi played a key role in the
colonization of early soils that were
extremely poor in essential nutrients
such as phosphate and nitrogen [2].
In almost all present day terrestrial
ecosystems, the majority of plant
species still form symbioses with
AMF and the fungi play a key role inphosphate acquisition, plant
productivity and also drive plant
diversity [3,4]. All AMF are members
of the fungal phylum Glomeromycota
[5]. An unusual feature of the whole
phylum is that, unlike other
well-studied fungal phyla, no sexual
structures have been observed. The
absence of any obvious sexual
structures, coupled with the unusually
low morphological diversity of these
ancient fungi led biologists to assume
that AMF are asexual [4], and have
been for over 400 million years [6].
Given the importance of recombination
as a mechanism that purges
deleterious mutations, the existence
of such long-term asexual lineages is,
Dispatch
R897indeed, a paradox [7]. However,
a newly published study shows that
several species of these ancient fungi
habour all the genetic machinery
necessary for the complex process
of meiosis [8].
In recent years, several studies
have reported on whether AMF exhibit
recombination. Recombination events
were clearly detected in a population
of the well-studied AMF Glomus
intraradices (also known as
G. irregulare), dispelling the notion
that all AMF are completely clonal [9].
That study used a wide variety of
different methods for detecting
footprints of recombination that
previously occurred within AMF
genomes. In the same population,
genetically different G. intraradices
isolates were shown to anastomose
(fusion of hyphae), allowing genetic
exchange to occur between individuals
[10]. Indeed, bi-parental inheritance
has been observed in the offspring
of G. intraradices that are capable of
anastomosing [10]. However, a study
on another AMF species in the same
genus, G. etunicatum, indicated that
several haplotypes of this fungus exist
over extremely large geographical
areas — indicating clonal proliferation
of this fungus, even over several
continents [11]. However, such
approaches are not very informative
about the frequency of recombination
events, whether they really involve
meiosis or represent mitotic
recombination. Furthermore, the two
studies looked at different fungi that
probably diverged from each other tens
of millions of years ago.
In the new study, Halary et al. [8]
adopted a completely different
approach to the same question. They
chose four different AMF species, all in
the genus Glomus, and searched their
genomes for the presence of the
so-called core meiotic genes [12].
The term core meiotic genes refers to
the basic set of essential genes found
in animals, plants and fungi that code
for proteins that jointly make up
the conserved meiotic recombination
machinery of eukaryotic cells.
Interestingly, Halary et al. found that
85% of the core meiotic genes known
in the yeast Saccharomyces cerevisiae
were present in AMF. A small number
of core meiotic genes were not
detected in the AMF genomes.
However, in other fungi, loss of those
particular genes does not prevent the
successful completion of meiosis andsome are absent from the genomes
of somewell-studiedmodel organisms,
such as Neurospora crassa and
Drosophila melanogaster, that exhibit
sexual reproduction.
The core meiosis genes found by
Halary et al. [8] in AMF are a strong
indication that these important
symbiotic fungi possess all the
machinery necessary for successful
meiosis. These include genes encoding
proteins necessary for complexmeiotic
steps such as sister chromatid
adhesion, double-strand DNA
breakage, inter-homolog
recombination, and class II crossover.
If only one or two conserved
meiosis-specific genes had been
present in AMF, it might have been
possible to propose a convincing
alternative argument for those genes
to have taken on a new function that
does not involve meiosis. However,
the detection of so many highly
conserved genes encoding proteins
required for all the key steps of meiosis
make it difficult to propose any other
obvious alternative hypothesis.
Now that meiosis-specific genes
have been identified in AMF, it will be
exciting to find out exactly where,
when, how often and how meiosis
occurs in these fungi. Halary et al. [8]
propose a conceptual model for the
meiotic process in AMF and it will be
exciting for researchers to
experimentally address the occurrence
of such a process in AMF in the
absence of any obvious sexual
structures. Genetic variation within
and among AMF can be very high [13].
Some AMF have been shown to harbor
genetically different nuclei and
genetically different AMF lines can
fuse, giving rise to offspring that exhibit
bi-parental inheritance [10,14]. It will
be exciting in the future to investigate
whether meiosis occurs within one
fungus, involving different nuclei
coming together, or following fusion
and genetic exchange between two
AMF. In both cases, meiosis in the
fungus could occur without the fungus
necessarily making any obvious
externally visible specialized sexual
structures. The search for this meiotic
process in AMF should be an exciting
avenue for future research.
Many putative ancient asexuals
and putative asexual fungi have, over
recent years, been shown to exhibit
recombination or harbor
meiosis-specific genes. At first glance,
the study by Halary et al. [8] may justbe viewed as another loss to the
ever-diminishing list of asexuals.
However, AMF are extremely important
in natural ecosystems and have a huge
potential use in agriculture, especially
in the tropics. Manipulating the natural
genetic variation of AMF to develop
more effective commercial AMF strains
is potentially promising [15]. The ability
to understand how and when meiosis
occurs in AMF could be very useful
for the future laboratory-based
generation of novel genetic AMF lines
as well as forming a basis for a more
precise understanding of the genetics
of these important symbiotic fungi.
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